The results from an experiment designed to investigate the possibility of an effect of incompatibility genotype on the level of pseudo-self-compatibility gave little or no evidence of such an effect among the members of three pairs of perennial ryegrass families. The plants of one of these pairs of families, however, set a little more seed than those of the others both in this and a previous experiment which indicates an effect of the genetic background on pseudo-selfcompatibility.
INTRODUCTION
Though Lolium perenne is a highly self-incompatible species, it is nevertheless not completely so, for small quantities of seed are usually obtained when individual plants are self-pollinated. This behaviour is referred to as pseudo-self-compatibility in order to distinguish it from the genuine selfcompatibility that occurs when an incompatibility allele mutates to a selffertile (SF) form. Both we (Cornish et al., 1980b; Scarrott, 1981) and others, (Jenkin, 1931; Beddows et al., 1962; Foster and Wright, 1970) have found that individual plants vary with respect to their pseudo-selfcompatibility and that both genetical and environmental factors appear to be involved. Hitherto, it has not been possible to find out whether there is any relationship between the level of pseudo-self-compatibility and incompatibility genotype in perennial ryegrass because the genetical control of incompatibility in this species was not known. Having shown recently that incompatibility in this species is controlled, as in other grasses, by a pair of multi-allelic genes with gametophytic action in the pollen (Cornish et al., 1979) , it is now possible to find out whether different S and Z alleles, either individually or in combination, vary in their ability to prevent self-pollination. The experiment described in this paper was designed with this question in mind. We also give some further information about the genotype of the anomalous plant F4 mentioned by Cornish et a!. (1980b) and a revision of the genotypes of three other members of the same cross.
MATERIALS AND METHODS
The plants used in the experiment were clonal replicates of those whose incompatibility genotype had been found by Cornish et a!., (1979) . In all, 169 163 plants were self-pollinated, 61 from reciprocal families D and E, 34 from families F and G and 68 plants from families H and I. While all, or nearly all, of the plants of families D, E, H and I were used in the present experiment, only half of the total number from families F and G were available, as the remainder were required for another purpose. The position of each plant on the glasshouse bench was decided at random and the experiment was carried out during the natural flowering season of the species during the summer of 1980. Further details of the experiment are given in Scarrott (1981) .
RESULTS (i) Families H and I
The average percentage seed-set obtained by self-pollinating plants from the reciprocal families H and I are shown in table 1. One plant (H22) gave a seed-set of 17•66 per cent. Since this is much higher than the seed-set obtained by selfing the same plant on a previous occasion (0.26 per cent) and is also much higher than the seed-set of any other plant in the experiment, this result is almost certainly due to contamination by compatible pollen prior to bagging up. The seed-set of this plant, which was of genotype S1.3Z1.4, has therefore been omitted from the data shown in The analysis of variance of these data is slightly complicated by the fact that the number of plants in each class is not the same and, in particular, that two of these classes (S1.4Z2.4 and S2.3Z1.4) are empty. The missing values were estimated by a procedure given by Snedecor and Cochran (1967; section 11.9 ) and the problem of unequal class numbers was overcome by carrying out an approximate two-way analysis of variance of the data with the class numbers within each row made equal (Snedecor and Cochran, bc. cit., section 16.3). The original data were transformed from the percentage to the angular scale before analysis and the degrees of freedom of the Between Genotypes and the Interaction items reduced by two because two missing values have been estimated from the data (table   2) . There is no evidence in these data of any effect of S genotype on self seed-set either on average or in combination with Z genotype; the latter, on the other hand, does appear to have a significant effect. The possibility that this is due to the approximations made in the analysis or estimation of missing values is countered by carrying out a conventional one-way analysis of these data in which differences between plants with respect to their S-genotype are ignored, for the Between Z1Z1 item of this simpler analysis is still highly significant (P=0•01-0001). The effect of Zgenotype on self seed-set appears, therefore, to be genuine. Inspection of the data shows that despite the exclusion of plant H22, the remaining plants of the same genotype (Z1Z4) set, on average, slightly more seed on self-pollination than those of other Z-genotypes (table 3) . Lastly, we note that, as in previous experiments (Cornish et a!., 19801,) , the Within Genotypes M.S. is much larger than the binomial error variance. (ii) Families D and E The average self seed-set of the plants of reciprocal families D and E are shown in table 4. Though in this pair of families each of the sixteen genotypic classes is represented by at least one plant, the data are in other respects similar to those of families H and I and have been analysed in the same way accordingly (table 5) . The analysis of variance shows that there is no evidence of any effect of S or Z genotype on self seed-set in these data. The data from this pair of families are too incomplete to allow even an approximate two-way analysis of variance, for only half of the classes have any entries (table 6) . However, one-way analyses of variance of differences between S -genotype on the one hand and between Z -genotype on the other failed to show any effect of either on self seed-set (table 7) .
(iv) The three crosses combined A summary of the data obtained from each of the three pairs of families involved in this experiment shows that average self seed-set is a little higher in F and G than it is in the other families (table 8(a)). Furthermore, this small difference is highly significant (table 8(b)). Since a similar result was obtained from a previous experiment (Cornish et al., 1980b) , it is likely that this difference is genetic rather than environmental.
(v) The anomalous plant, F4
Cornish et a!., (bc. cit.) obtained a 1920 per cent seed-set from the cross F4 x F36 which was predicted to be incompatible, since both plants had been classified originally as being of genotype S1.Z1.4. The reciprocal cross gave only a O•17 per cent seed-set and both plants when selfed gave either little or no seed (F4, 0 per cent; F36, 0•89 per cent). It was suggested that F4 had been originally misclassified and that its genotype was in fact or that a mistake had been made during clonal replication of the stock plant subsequent to its classification; or possibly, that the cross F4 x F36 had been contaminated by pollen from another plant. This uncertainty has now been resolved. Thus when F4 was crossed with each of four plants from the same family that had been classified as being of genotype S1.1Z1.4, incompatible reactions were always observed irrespective of the direction of the cross. Again, when used as a female parent in crosses with another plant that had been classified as S1 .3Z1., a half-compatible reaction was obtained. The cross F4 x F36 was also The three crosses combined. (a) Summary of self seed-set averaged over all the plants of each of the three pairs of families. The data in brackets are estimates of the seed-set obtained from both sells and incompatible crosses involving plants from the same crosses that were obtained from a previous experiment (Cornish 1979; Cornish et al., 1980b) . Subscripts indicate the number of plants (and/or Apart from the need to resolve this uncertainty for obvious reasons, plant F4 has been used as a parent in another experiment concerning the genetics of metrical characters, details of which will be published in due course.
(vi) A revision of the classification of plants P3, Gil and Gl3 Plants F3, Gil and G13, which, as it happens, are members of the same pair of families as P4, were originally classified as being of genotype S1.3Z2.3 (Cornish et. a!., 1979) . The cross which gave rise to families F and G was of the type S1.2Z1.2 x S1.3Z3.4, that is, the parents had an S-allele in common. Although plants of S1.2Z2.3 genotype are expected in the progeny of such a cross none were apparently found (see table 3 of Cornish et a!., bc. cit.). However, the pattern of pollinations expected when plants of genotype S1.3Z2.3 and S1.2Z2.3 are crossed to each of the other genotypes expected in these families are very similar, it being necessary to distinguish between half-and three-quarters compatible reactions in order to assign a plant to one or other of these genotypic classes, irrespective of whether such plants are used as males or females.
Recently, in connection with another piece of work, plants F3, Gil and G13 were pollinated by plants of genotype S1.2Z, S1.1Z3.3 and S2.2Z3.3, with which they were expected to be half-compatible, incompatible and fully compatible, respectively, if their original classification had been correct. Instead, all of these pollinations were incompatible. It is thus now clear that the genotype of plants F3, Gil and G13 is, in fact, S1.2Z2.3 and not S1.3Z2.3 as originally reported.
Although the revision of the genotype of plant F4 has no effect on the estimate of linkage between S and PGI-2 in these families (Cornish et a!., 1 980a), the revision of the genotype of the others does change this estimate.
Thus the revised estimate for the cross is PFG = 02l2l 00503 (instead of PFG = 01970 0.0490) and the revised overall joint estimate of the linkage between S and PGI-2 obtained by pooling the data over the three crosses is =0.l694±00276 (instead of j=0•l583±0.0252) and the new heterogeneity X2) = 4.867, P=0l0-005 (instead of X2) =4076, p = 0.2-0.1)
Discussior
Taken as a whole, the results of this experiment confirm once again that perennial ryegrass is a highly, though not completely, self-incompatible species. Yet because the total number of florets borne by a single well-grown individual is large, even a slight expression of pseudo-self-compatibility can yield a small, though useful, amount of self-seed.
As to the cause of pseudo-self-compatibility in these families, there is little evidence in these data that different S and Z alleles differ in their ability to prevent self-pollination. Though the size of these families is, perhaps, smaller than is desirable, with one exception, the Between Genotypes mean squares of the analyses of variance (tables 2, 5 and 7) are smaller than their respective Within Genotype mean squares. Thus there is little to encourage the belief that had these families been larger, we would have found the effect that we were seeking. Furthermore, the evidence of some effect of Z-genotype on self seed-set in families H and I is by no means as convincing as appears at first sight. First, the effect appears to be confined to one genotype, Z1 Z4, the seed-set of plants of the other three genotypes being similar to the overall average for the pair of families (tables 1 and 3). Second, the Z1Z4 class is the least well represented of the four, containing only ten plants. Last, the relatively high average seed-set of the plants of this class depends on the high scores of just two plants whose seed-set was 4•81 and 2 18 per cent respectively; the average seed-set of the remaining eight plants is, at 040 per cent, comfortably within the range of the average values of the plants of the other three classes and hence similar to the overall average for the pair of families. Taken as a whole, therefore, there is no evidence of any effect of incompatibility genotype on pseudo-self-compatibility in two of our pairs of families and in the third, where there is, the evidence effectively rests on two plants only.
On the other hand, there is some evidence of such an effect in other species. Thus Lundqvist (1958) found that the level of self-fertility was higher for double than for single heterozygotes in inbred families of rye; and that the S and Z alleles segregating in an inbred family of Festuca pratensis differed in their efficiency in preventing self-pollination as assessed by looking at the behaviour of pollen on the stigma (Lundqvist 1964) .
There is also evidence of this kind, of course, from species with one-locus systems of self-incompatibility. Thus East (1934) found that different 5-homozygotes of Nicotiana sanderae varied in their levels of pseudo-self-compatibility; and Williams (1951) , that Trifolium hybridum plants of two of the four incompatibility classes that were present in each of two Fl families set more self seed than those of the other two classes. There is little doubt, therefore, that the incompatibility genotype of an individual can affect its pseudo-self-compatibility, though it is perhaps significant that much of this evidence comes from material that has been inbred; that is, the phenomenon may not be expressed in non-inbred plants of the species in question.
While there may be little evidence of any effect of incompatibility genotype on pseudo-self-compatibility in perennial ryegrass, the slightly higher seed-set obtained on each of two occasions from the plants of families F and G fairly clearly indicates some effect of genetic background.
This result is similar to those of Jenkin (1931) , Beddows et a!., (1962) , Hayward and Breese (1966) and Foster and Wright (1970) , all of whom showed that there were consistent differences for self seed-set between ryegrass genotypes over replicates and in two of these investigations, over seasons also. Furthermore the studies of Utz and Oettler (1978) and Jones and Jenabzadeh (1981) clearly show that sufficient genetic variation in self fertility exists for selection to be effective, allowing the establishment of inbred lines. These observations, together with those from other species (e.g. Mather, 1943 with Petunia hybrids; Atwood, 1942 with Trifolium repens; Martin, 1967 with Lycopersicon spp.; and Denward, 1963a, b, c, d with Trifolium pratense), confirm the view that an efficient self-incompatibility system depends on the adjustment by natural selection of both the incompatibility genes themselves and the genetical milieu in which their effects are expressed.
